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Introduction

Among abiotic stress factors, drought is one of the most detrimental factors in arid and semiarid regions,
causing a significant decrease in plant growth and yield in most species, including crops. Under drought
conditions, morphological, physiological, and biochemical characteristics are negatively affected. The
detrimental impact of water scarcity may be mitigated through the utilization of plant growth-promoting
rhizobacteria (PGPR) and nanoparticles (NPs) like nano iron-silicon oxide. PGPR species such as Azospirillum
and Pseudomonas have been found to enhance hormonal balance, maintain nutrient levels, improve plant growth
characteristics, and ultimately boost yield. Additionally, the application of NPs aids in enhancing plant growth
under stressful conditions by facilitating water retention, fortifying membrane integrity, and enhancing nutrient
and water uptake. Consequently, it is plausible that the combined application of PGPR and NPs could enhance
triticale yield even in conditions of water limitation.

Materials and Methods

An experiment as factorial split-plot was conducted based on randomized complete block design with three
replications at the research farm of the Faculty of Agriculture and Natural Resources, University of Mohaghegh
Ardabili in 2021. Different irrigation regimes in three levels (full irrigation as control, irrigation withholding at
50% of booting and heading stages as severe and moderate water limitation respectively (BBCH 43 and 55 codes
respectively) were assigned to the main plots and the combination of bio fertilizers application in four levels (no
application as control, application of Azospirilum, Pseudomonas, both application Azospirilum and
Pseudomonas) and nanoparticles foliar application at four levels (foliar application with water as control, nano
iron oxide foliar application (1 g.L?), nano silicon oxide (50 mg.L™), both application nano iron-silicon oxide)
were assigned to the subplots. Psedomunas and Azospirilum were isolated from the rhizospheres of wheat by the
Research Institute of Soil and Water, Tehran, Iran. For inoculation seeds were coated with gum Arabic as an
adhesive and rolled into the suspension of bacteria until uniformly coated. The strains and cell densities of
microorganisms used as PGPR in this experiment were 1x108 colony forming units (CFU). In each plot, there
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were five rows with two m long. In each experimental plot, two beside rows and 0.5 m from the beginning and
end of planting lines were removed as margin, and measurements were done on three rows in the middle lines.
The used nano silicon-iron oxide had an average particle size of less than 30 nm and the special surface of
particles was more than 30 m2.g*. They were product of Nanomaterial US Research which was provided by
Pishgaman Nanomaterials Company of Iran. Nano silicon oxide and nano silicon oxide powder added to
deionized water and was placed on ultrasonic equipment (100 W and 40 kHz) on a shaker for better solution.
Foliar application of nano silicon-iron oxide was done in two stages of period growth BBCH 21 and 30 codes
respectively. In this study, dry matter remobilization, volume and root dry weight, leaf area index (LAI), and
grain yield of triticale were investigated. Analysis of variance and mean comparisons were performed using SAS
ver 9.1. The main effects and interactions were tested using the least significant difference (LSD) test at the 0.05
probability level.

Results and Discussion

The results showed that remobilization from the stem (22.75%) and total dry matter remobilization (21.36%)
and contribution of these processes in grain yield (58.29 and 56.24% respectively) decreased in both application
of PGPR and nano iron-silicon oxide foliar application under irrigation withholding at booting stage in compared
to no application of bio-fertilizers and nanoparticles. Also, the application of PGPR and nanoparticles under
irrigation withholding in the booting stage increased the root volume (44.68%), current photosynthesis (48.63),
the contribution of photosynthesis contribution in grain yield (15.63%), LAl (32.82%), and grain yield in
compared to no application of PGPR and nanoparticles under irrigation withholding at booting stage.

Conclusion

Based on the results of this study, it seems that the application of both PGPR and nanoparticles can be a
suitable management factor to increase the grain yield of triticale under water-limited conditions.

Keywords: Dry matter remobilization, Full irrigation, Nano iron oxide, Nano silicon, Root volume



olnl sy sl h 4 s

Homepage: https://jcesc.um.ac.ir !
bag Pt s

14V-Y\ . oo Ny Ol ¥ o led YY W

> S8hes 5 K o3l JUsl anl 5 5 D)3 HU 5 AS, S e glag SL L mdls 56

PE PRI PRUES JUCNC

APHERH ‘..,\., O b e g, FO SBT wabl

VY8 bl s gu
VEY/NVY ol o,

dASe

Loy » a5 4y 3y Slas 3 (o)l jwgd 5 Suid oole JSH a2 )3 66 9 235 Syzme Slag S 3 () polainn;

0S8l (LS deyie 53 51,55 a3 (Bolad Sl Sl al )b B 5 Sl il ©pgonr philojl is)lel il
ol L lgieany ol 5)lnl) o w3 ()l s (o) i 12 Ve Jlo )3 (los)) 3o oSl (o qalio g (5y5LiS
slacs S 53 (BBCH wliio 00 5 ¥Y 4 Jolae (o] mdlo 5 b Codgame lgicds cod by mdaliiw 9 (il Jolye doyd 00 55 (o)L
Plss 3,LS g olisagdss ool oniTo S canls plgisas 3,08 pas) aws Yoz 1o (st S8 2,8 ) S 5 9 2343 ool 1,3 Lol
o2l 2S1 G ) 308 S ol Jlre wald lgisdr Ol b (odl Jglns) o slaz > 36U (bl Jglxe 5 ( olisagdpe g pol s/
D5 03l )18 258 S 5 s g0y (sSekrsilh 5 onl 2SIl plgs (o3l Jglre 5 sSelrosih 1 53 p) o B4 2L Jslo
5 St osle Uil o ys LialS Carge ¢ il als po y3 (gylol @lad balpd 5 @l dgil g ady S yome slas b plgi G puan oS sl ol ol
Lo S op)lS pae Lulyd a4 caws (ZOFIVE DAV s sas) il 5 Shas ;5 il )b oyl o 9 (AVIYS) lgn pluil 5 (ZYV/VD) 48l
sl a0 5> o)l b Loyl 13 0y S o clag S plg 3,18 imed 1 ()l rslans Sl e (e )3 S35k g A5 S e
s 5, Shae 4 (AYYIAY) S o oo (s s (ZV0/EY) 0l 5, Slos )3 (g)ls jwgd pauw (AFAEY) (ol jwgid (AFFIEA) adyy oo
o) 25 Lol ol Liali8) il o po )3 ()l gl Ll o sl g 0 o oo (slms 1S 3,18 pis 4y s | (YAZ/OA)
2 a5 0, Slae (tal38l el clio (e )56 G laisy Wl e S35 5 Ay S e Gl 20 sy 0 iy ilo]

2l yaine ol Codgase bl s

O3Sebeogil 5 ol 2SIl ity e (Sitd o3le JUinl (JolS ()l g5 gWaojlg

3,80 5 My dogr b tals Coge a5 Cunl Siddes 5 Suis
Ur ) s3-5e (el &V gmms aloo S LnaisS 5551 53 oLS
ol 5o bl Lol aJe  Siis (Rehman et al., 2022
ACC L) deal S 505 == lig sl 520 zdlns
Yuan, ) ass o S0 (ol s olo iy olsisas jleld
bl o BLSL i weid Cage il (ZU, Sun, & Zuo, 2022
53 Cadgdme Soul L g odds Ol 0,33 ials g (gdao dge jieS
J(Brunetti et al., 2021) s 2> o Ll 1) Jonswe 3 Slas i,
5 Seisnss (Sesdshyge ke slaail b jlee b (S
SLeasliSs) (lie 9 8Smg) b ralS A sle olosdon
g 3 i b Sy 4 CO2 (63959 ()5 dgdoe ¢S jumgid

LYRUVY

ohalST Yo ete dlo I et g (s SloUES
o) Ve U o Sblwg Jus a0 Y0 Jlo b ol Sae (o)l

bl jo Jolge 1y ypin 5l (SO JSis gy cpl 51l il

5 (8 5yaludS oSl ( LS S g Mgi wdine 09,5 (658D (goomidily )
Al syl el ioee oSy ¢ anbs qolie

0uSiily ¢ S S g Mgl wdigs 09,5 Hluiild g dbiwl s =Y o ¥
Ol edmd )l e oyl Basee olKuisly ¢ xub F &5y9lis

(Email: f.aghaeil994@gmail.com (e A — )

4. https://doi.org/10.22067/jcesc.2024.85595.1280


https://jcesc.um.ac.ir/
mailto:f.aghaei1994@gmail.com
https://doi.org/10.22067/jcesc.2024.85595.1280
https://orcid.org/0000-0001-6366-9295
https://orcid.org/0000-0003-2567-7029

VELY Ll o o)lowd FY alo (ol (615 ooy dpuis  To o

Sz 9 poadsilio cloald 5l ()l 53 5 035 (LS 503
(Rizwan et al., 2019) 5)l> i s yudis 5 juweid ¢ Judg,lS
93032 5l a0l e EalS ad 4 (i cov pblS s ol Gl
Fe, o) ciliseo Jal 55 al b JS5 4y pogasay o 58
2 e bl Col (e i3 Layls s (FEO, Fes03, FesOs
2l el 5y Slae 9o 5 bl 39S mMe ial s
Nazari et al., ) 4, Sen 5 g,k (Kreslavskia et al., 2023)
5l 5 ol 20T Sl Jgone 335 o > (2022
s 5 )L Fiaosih 25t (S Laly o piS il 3, Slas
St oolo Jl gl Lol Jle 51 d, wils 3 Slas 5 13 o)
WWdged Gylgie sl b s cod olsa plusl 5 dadle

3 mialy asy Calise Jolye )0 ol Codgase il asgi b
G b a ()bl g o)l sriwgt jalS g oy @pes
(! 3oeS156 5 (9Salsil) Sldg g 43) S pme sloes S
5 =l Cudgime 3l (s @l 3l dse Jas U ialS
ielye ol iSon i pogmad )3 oabpll dgae gla )
Sy oSl b Ly Ban b ol adlas b 05 Coge
Frwgd g Sid o3l e JUsl AnT 3 waw 36l g L)
byly s cood g)ll cilize clagoj, jo 6l 0,Sles 3 ()l
25 18 b)) 290 Jedl (el

sy, 9 2190

b ol B 5 Jo)esh oMbl oo Ghalel]
08l Sladsd dcyie o S5 dw j Bolay oS oS5l
Oluase by (ud)l G-ioee o8 il xub mlis 5 (gj)slis
aaBdYe gdd YA 5 Jlad (o, 488> V0 5 a0 YA oldlyas
A5 Tl VP e Jlo o byd maw e WO gl 9 (808 Job
ol s ialesl (6lya) oo (Kheirizadeh Arough, 2016)
Narimani, Seyed Sharifi, )cewlyw ¢ Sida o
4300 5l Jools bl (Khalilzadeh, & Aminzadeh, 2019
Vdsan 3 (mialejl asyie SIS plend 5 (Sjd Sliogas
Gl 0345 030

o 4w > (o)l Cilise (sl ) Jols (w590 Jolge
D+ 5 (o)ll alad i lsicas (51 0,90 Jsb 3 JolS' (5)L)
Olgieds o ay (mdalins g () (03 lasSy Jolye soy
(BBCH _olie 00 5 ¥V 58" wlol p o] moMo g b Cudgdme
T Sl ) (3 3l 5l (oS 5 ol seyS
OF (. yisl pg oo ol sl 38 s lgicas 5,0)l8" pac]
Q9w 05g)  pwligegdsw (Azospirillum lipoferum strain OF)
9 pobpwsilply 5 5,,LS (Psedomunas putida strains 4) ¥

CalS Sy 9 Olidapgr)S 5w (g 2 g (630 dlge udgilie
5 slesy (Kapoor et al., 2020) 2> o ials dy oy, S
(Narimani, Seyed Sharifi, & Sedghi, 2022) l,lSex
a5 0L 5y @y L (] Codgaime o5 K08 )15
Lapluil 3 sume sl au],8 waw (Triticosecale Wittmack)
Sy Sislial ]y als 4 slea

St Collasl Il b ablis (gly cuslio sla, S5l 51 (S
Sy slaspSlign) iile dbe SlaeuslS g e I orlata
s ol b S5l by, Ky 45 casl (PGPRY) oS w3,
(Chieb & Gachomo, 2023) s34 LS (50,40 § My dgate
2 J9Sse ooy (Seisdsnsd Ssil B p b ped g
ol g 3y Shos il 8l g oS gud) Slogad 39
s PH Lials' L Lo iSU opl 5,18 (Abdelaal et al., 2021)
A NRNCIPXWPPIS 2 R PRCIRG B WERA]
Cusl g (2hj QLS 1) S99 yiud 5 (o sladsS 28
(Saleemi, Kiani, Sultan, Khalid, & Mahmood, 2017)
Mohammadi Kale Sarlou, ) ;LS g o juwd IS (sa oo
4 asb kbl (Seyed Sharifi, Narimani, & Nazari, 2023
dy) m2 9 (19 9 S e paSLS dgu0 b ) sladgS
4l 3y Slae )3 0l ol whe 9 o)l Susgd SR carge
b g5 Ll o S

223 Gl Cueglie (l38l )3 5o byl 51 Sod (S
3,8 el Glpagls jl eolbiwl uwjps 5 ) il
9 o) Laslgy Lads ¢ g twgid oKiwd 5 blie | cladlre b il y3g5b
Uil e ol g (gdie dlg o Ll il dacgen] oo
3 3 it Cuoglia Cirgo (23 il 3 ol A, el Mle b5
So (SH) ysSekew 30,8 (Rasheed et al., 2022) 5445 o0 i
48 Gl (St 15 1 (B0 Sl s )3 Sge 9 e 3,50,
s sLie k5 (S plSorial a5 b Gl e
350 4 Rajput et al., 2021) olS clabdlos 5 (g 5luk 4 oS
035 SoS oS (218> i 5 (Gitiwgid ) ((Sie 45
» o (Desoky, Mansour, Yasin, EI Sobky, & Rady, 2020)
oS 5, Slae 5 15) 39 5 Ol 39008 | 3L e g1 ialS
<, (Rady, Elrys, EI-Maati, & Desoky, 2019) cul 1o
155,8 s)l55 (Nazari, Sedgi, & Narimani, 2022) l,\Sen 4
Syt oo S oSt bl 3 3Selessls 3l Jlons o
il 3y Slas alidl Grge gyle jrwgd 5 Sy aw (a3l
A Al

545y weal3 )0 P90 5 (rgps Shiegs) polis I G 3 pal
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11- Contribution Current photosynthesis in grain
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1- Dry Matter Translocation

2- Dry Matter at Anthesis

3- Dry Matter at Maturity

4- Contribution of Dry Matter Assimilates to Grain
5- Grain Yield

6- Stem Dry Matter Translocation

7- Stem Dry Matter at Anthesis

8- Stem Dry Matter at Maturity

9- Contribution of Stem Assimilates to Grain



Yol o Sles g St oolo JUl asuT y3 g lyd 9l g ary F yxe (g6 S b il Judl ooy o 9 (SBT

Seid 09 9w ol L gl g ab) S e slas S
ki o (V Jgi) S haw el (A Jgia 9V J9i2) ada)
3y Shes 5> (o)l FiogB pres gk 5 (ol Cadgicee Sl 26
asly 50, Sas il lodas iy cwl odd Coge D Jodo) 4l
o3l JUitl 4y (5 ta8 iy g 01 ol (gl riogtd bsgs
Jodn) 3905 0315 anass 4ild 5,Slas )3 anlyd ol wpw 9 SiS

(o

s 5 Shas 53 T8 (ol ps 3 5l i 538 s
oS bl ok Job oLt Gl ly 438 @b
Ormed 9 (9Sabiwgily al 20uS19l) Slidgl g 43y S poxe
230l cpl w9 )l gD ol p Jolse cpl GiSen
Joda) ad )b re duopd G g i Jlots! o 50 il 5 Slas
15y S pme g xSl 3l daysSilie awlie gl ololys (F
Cpyidn il ads e 33 oyl adad bl sy @l 3l g
FYVIFR s gan) by 5 Shas jd anlyd ol woew 9 (6)ls Fimgsd
9y S oo slag S 0,8 pae @ Cud Slaws opl (o)
392 0,55 0 olel ol Sl s e bl b cos )30l
Ebadi, Seyed Sharifi, & ) ;,LSen 5 sls (0 Jsiz)
Gl Fiwgd gy buly b o il ol (Narimani, 2020
Codgiome uly b 53 (Jg )b g saild ()39 2 1) e 25w
() Sy Ol o (SdS 5l (BU e S Joas
Saome JLa! prew (iali8l 5ok 5l a5 Sles ials 51 sy
505y S yme elaeySL 3,5l b adllas 13 598 oy
Bl g ol jrwgd (i cuyide 1 JolS sslal 9 1090
09 YUl (s g b p Siid oole daoe el o)l5ee
538y S e slocs Sl e b & e |y )l frwgd
s Gl 5 (Y Jgion) 5 s sl (uljél 3l
OhLSed g gl pwdlS ciamme Liwly cpl jo 0l o (o)l juiwgsd
aS 15,8 5,155 50 (Mohammadi Kale Sarlou et al., 2023)
Ay S s (L Gl 15y S e sl ST 3,18
JUasl 301,38 opw b 0b oo ()l Siiuogts mie pil331 o
Nazari ) ,Ken 5 (o)l .l ials paiS @ild 5 Slas j3 diore
snS1gl 5 ysSeliusgil by Jsls o5 szl bl (et al., 2022
O3l Cege oSy e (aSLs g ) 7 5 09 g b o2
5y)LS Vil s 4ild 3, Sdas 13 00118 cpl whw 9 (55l jriwgsd
4o 9 d9-diee GlalS ) (sike dlge LIl cge )9l
Cuolseis eSuliawgil ool 1 0 aizu o 2o |y jiiwgid
Vs 5 Sy 4y (gdio lge Jlaml 5 o0l Ltalial 1, sk olss

Lulyd cog Oldgl g a8y Sy Sl Sk B pas pis Ll
Sy 5 4 (B Jg) 092 068 g2 ttul dl> p0 53 (5 lo] olad
Jds 4 ol s codgime balyd d Sis eole Jlasl ol 81
LS g (g5 weid g o ay odd LSS slaaily slolds )38l
2500 2l (Laassls) 5l 53U ol 3590 53 (6)ls Fiwgid wa
JUasl e ¢ ol Codgime Lal b p> a8 wiily Hlebl 1 o loxe
O5l3S g el plidl Jals (g)lol 4 s paiS St 00l
(P g9yl aleyo 1> (SIS pgdg pllin 4 45 Wid)S
zrge g abl JUanl Laaslsy 4 (gjtgd dlse 3l g yidn Loy
Liuetal., ) sy o alspo ool jo Sis ool Jlaml ol58l
13 St oole Jiml Liyl3sl 5] i dwy oo ka3 4 (2020
otelS 5 (s balyd 31l 6 Wl e ol Cadgame bl
ol Fiwgd (als ol as 4 g (V Jsie) Sy e a3l
Ol )3 gste Ul e Jd> @ (arlpd (et ) 030 (B Jgo2)
bl (hal8l Suts osle JU (50 o 298 00 g0 (35 Sl
4 el @l aled 035l 1) yje L ) (s gz, JBY
9 Sag=d QS joym baulyd )3 S cnl (e plie S5 Lawgs
Shasgd LS 4D 53 g S (eSS Gl ol Cudgicme
O e 9 S oolo dame Jlanl iuli8l Coge 0lS 4o (o)l
Gl 0 o)) laie 303 Lawgs 39 g0 4l 5 Shas ;> A1,
.(Narimani et al., 2022; Nazari et al., 2022)
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Siogtd 3900 2 396 cpl Sl Bl 1y sSabwgil 5 pnl
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L Sl 5 ool 215 il Jolons o 33,8 ol (2022
Gege il 0, Slas 53 0T ol w5 ()l it g
oyl )b gl ot 3 (atlom ] 5 aBls 51 (St ol il tmls
Rezabeighi, ) o,LSes 5 Sl i pasS ol 3,8kas
Olie ls8l 5,055 yews (Bijanzadeh, & Behpouri, 2020
3 ylS wdly gl o Suid i Lyl oo Suts oole iz
&% ol pule dgm0 b Cgllae (gylol bl o g8l
odle JLil Jals’ czge iy a4y (a3 dlse yie JSl
plas 3,5)LS Ylainl 55 imgimy oyl 53 amd paciS j3 Sid
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Table 4- Analysis of variance of the effects of PGPR and nanoparticles on dry matter remobilization of triticale under
different levels of irrigation

(Mean Square) el o pSibo
i aslie 425 G w3 B3 Fanw g2
©lyt glio T oale JUl ST 152 e JUS! 41500 IO g e T e
Source of &33! . 3 Slos ;3 daoxe i 3 Slos (> aBlw 3 Sles )3 55l
variation 85 sws a8lw 31 dazxe &l
d.f 4l &y &ld
DMT SDMT CP
CDMAG CSAG SSPG
(R)_ )I’S_J 3856.57™ 113.44™ 445.96™ 34.99™ 12725.12™ 170.69™
Replication
. ‘5)_@" 2 2462.12™ 511" 1508.82" 356.79™ 144292** 154.84™
Irrigation (1)
Error a
ol llas 4 127.55 6.55 37.91 4.15 1909.15 45.17
i) SloagS
Bio 3 542.02" 104.31™ 273.39™ 61.28"™ 24136.41™ 70.28™
fertilizers (B)
oyl
nanoparticles 3 51121 75.63" 424.88"™ 64.1" 18896.53™ 57.16™
(N)
IxB 6 68.23" 477" 46.46" 3.89™ 485.87" 21.87"
IXN 6 45.78™ 3.14m 36.02™ 2.09m 392.41™ 24.85"
BxN 9 122.9™ 6" 105.19™ 467 602.76" 16.1"
IXBxN 18 64.87" 413" 53.38™ 271 538.89" 28.77
oo o 90 30.67 1.95 18.92 1.09 304.88 10.28
Error b
CV (%) &l yis sy 5.0 6.5 4.8 5.9 4.2 4.1

o)) S5 g gy Jlein] e 3 > gime g 0 Sxe yuE iy i g % NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 5- Means comparison of the effects of PGPR and nanoparticles on dry matter remobilization of triticale under different
levels of irrigation

KU JLpNIe o e

shos sy CTUT O g Pe SOl S s st s
Treatments sz&wc-(g.m > 3 ,Shos 43 Sl 5l s e et CP (g.m?) 4> 3 Slos
) DMT (9.m?2) SDMT CSAG

(%/)CDMAG (71)SSPG
loxBoxNo 114.64%m 21.67"n 93.07% 17.61" 414.16%° 78.32
loxB1xNo 108.64 19.23%v 86.95'" 15.39°" 455,98 80.76%«
loxB2xNo 101.71° 18.85%" 83.37"4 15.46°7 437.64Mk 81.14¢1
loxB3xNo 116.1%* 20.38%s 95.64°9 16.79-° 45421 79.619°
loxBoxN1 110.83¢° 20.13's 90.2™ 16.39k° 439.429* 79.869"
loxB1xN1 99.894 17.03*y 82.25M 14.03™ 486.1%¢ 82.96%¢
loxB2xN1 99.69" 17.21%y 814 13.99™ 478.95%f 82.79%¢
loxB3xN1 97.58™ 16.56"Y 78.88 13.39¢ 491.23%¢ 83.43%¢
loxBoxN2 104.89"* 20.41k" 84.88k? 16.53%° 414.15%° 79.58%¢
loxB1xNz2 96.7¢ 17.05%Y 79.07P 13.95™ 470.07%¢ 82.94%¢
loxB2xN2 115.43¢ 19.81m= 96.27"9 16.52k° 467.72¢N 80.199m
loxB3xN2 96.14* 16.18% 78.09rd 13.14% 497.62%¢ 83.81%®
loxBoxNs 103.5°1 18.04™ 83.27"4 14.52p% 469.79°9 81.950"
loxB1xNs 95.78% 16.03% 77.6¢ 12.99¢ 501.18% 83.96%
loxB2xNs 97.49™ 18.035* 79.51°4 13.46% 484.02%¢ 81.96%®
loxB3xNs 94.64! 16.64¥ 76.349 12.62 510.09? 84.352
11xBoxNo 123.23%d 26.23° 99.65%¢ 21.24%¢ 347.5% 73.76%
11xB1xNo 118.21%1 24.089 95.44¢9 19.47¢h 373.190t 75.915%
11xB2xNo 115.71¢ 23.09% 94.07¢ 18.8f" 385.59°7 76.97V
11xB3xNo 106.91%4 21.06' 86.69° 17.08™° 400.89™ 78.934
11xBoxN1 120.78f 24.77>¢ 97.52%¢ 20.02¢F 367.529¢ 75.224%
11xB1xN1 113.615" 21.56M° 93.02¢ 17.67Mm 413.07k° 78.43K
11xB2xN1 116.19¢k 22.35M 95.88%9 18.47% 403.83"° 77.64M
11xB3xN1 106.38' 19.177v 89.65¢" 16.16' 448.47H 80.83
11xBoxN2 116.89% 23.62¢N 91.09%* 18.36" 379.27°" 76.38™"
11xB1xN2 113.61°" 22.55%k 94.55¢h 18.47% 398.18™4 77.44%0
11xB2xN2 111.86"° 20.99' 89.88" 16.86/° 4211100 79+
11xB3xN2 113.31%" 20.75/ 91.36% 16.731 432.99™ 79.24"
11xBoxN3 116.77¢7 22.69% 92.6% 17.989« 398.31™4 77.3%Y
11xB1xN3 111.149° 19.73mt 89.249m 15.84™4 451.98f 80.26Fm
11xB2xN3 104.9m 19.57m 85.27kP 15.92™4 430.87m 80.42¢m
11xB3xN3 100.284 17.4% 81.6™ 14.1691 47570 82.59%*¢
12xBoxNo 127.72 30.282 104.51° 24.822 294.34% 69.71Y
12xB1xNo 124.79%¢ 25.590¢ 101.23%*¢ 22.54b¢ 334.85"" T74.41%
12xB2xNo 110.93¢9P 23.62¢h 87.94hn 18.71F 368.45% 76.37™V
12xB3xNo 118.69%" 26.15° 95.47%9 21.06%¢ 336.09"" 73.84%
12xBoxN1 126.55% 28.822 103.29% 23.58% 312.86"* 7117
12xB1xN1 118.07% 24,520 100.36*° 20.95%¢ 362.02"Y 75.47%
12xB2xN1 121.015F 26.19° 97.07°f 21.03%¢ 342.06% 73.8%
12xB3xN1 114.17¢n 23.18% 91.92¢ 18.67% 379.16P7 76.819
12xBoxN2 108.84i4 24.37°f 87.231 19.56¢9 335.84"W 75.62%
12xB1xN2 122.65%¢ 26.35° 99.74%d 21.46% 343.63%W 73.64%
12xB2xN2 120.23%9 25.320d 99.26%¢ 20.97¢¢ 355.15™ 74.67V%
12xB3XxN2 110.11h 21.52Mp 91.6%% 17.93¢91 401.27mP 78.471
12xBoxN3 118.52%" 25.83% 95.41¢9 20.8%¢ 339.744w 74.16"*
12xB1xN3 115.29¢! 23.61°N 90.46° 18.5M 374.26"* 76.38™
12xB2xN3 114.06%" 21.779m 90.94¢k 17.67™ 402.15"° 78.22™%
12xB3xN3 105.22™m* 19.38™v 85.14kn 15.68°" 437.49Mk 80.61¢
LSD 0.05 9.56 2.38 7.2 1.79 31.31 2.38

9 pol g3, oligogdgw 373)S s so3sS 3,) pae s yiay Ba 9 B2 B1 Bo . il g (vl s yo )3 g )lol abed ( JolS g,ll s sy 12 5 11 do
2 alie By b (gl Silbo . pSelsslh (Sl Jglme 5 (2] 28156 2L Jsloee (il Jglxe pas 5o Na g N2 N1 N0 ogls s T g lipogipus plgs )8
5 ot b oy gy Jlesn] prdaw ;3 LSD (905l bl 1 (13 ixe (ylol BMiS] g0 s
lo, 11, and I2: full irrigation, irrigation withholding at heading and booting stages respectively. Bo, B1, B2, and Bs are no application of
biofertilizers, application of pseudomonas, azosprilium, application azosprilium + pseudomonas. No, N1, and N are no foliar
application, nano iron oxide foliar application, nano silicon, nano iron-silicon foliar application.

Means with similar letters in each column are not significantly different based on the LSD test at the 0.05 probability level.
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et 3 s e 3 530y Slgn Jl ial ity
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Table 6- Analysis of variance of the effects of PGPR and nanoparticles on volume and root dry weight, leaf area index (LAI),
and grain yield of triticale under different levels of irrigation

(Mean Square) wla po S5ko

Ol pd qlio @33l 4y — = G RNCT
Source of variation d.f s et iy 2 S gl g2t ® "_b -
Root dry weigh Root volume LAI Grain yield
(R)_ "’S_: 2 82149.18™ 332751.46™ 1.095™ 9294.9
Replication
. ‘S{L'HI 2 70298.18™ 232025.18™ 4.488™ 52308.47™
Irrigation (1)
kol slsError a 2757.31 1410.15 0.04 5032.62
) SeS 3 49457.03" 109152.5™ 1.804™ 5558.4™
Bio fertilizers (B)
ul’f’j . 3 14223.76™ 45081.75™ 0.968™ 8358.02"
nanoparticles (N)
IxB 6 1027.76" 2807.92" 0.293™ 2324.67™
IxN 6 1281.96™ 2569.18" 0.144™ 1610.9"
BxN 9 2328.18™ 4883.44™ 0.16™ 2495.99™
IxBxN 18 1132.85™ 5250.22™ 0.173" 2383.89™
= slsError b 90 953.54 2078.39 0.04 574.28
CV (%) oy copi - 8.1 7.0 6.0 4.5

oy S g gy Jlein e 40 55 e g 5 gime e a5y g % NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 7- Means comparison of the effects of PGPR and nanoparticles on volume root, LAI, and grain yield of triticale under
different levels of irrigation

Treatments (g ,low wuS (cm3.m?) Root volume awiyy a2z S ghe pasls Grain yield (g.m?)  al> 3,Slos

LAI

loxBoxNo 648.33"m 3.36™ 528.8m"
loxB1xNo 630.5° 3.68%" 564.58¢"
loxB2xNo 642.33"" 2.96°" 539.35k°
loxB3xNo 7622d 3.92d 570.1&"
loxBoxN1 562.33% 3.44%k 550.25"
loxB1xN1 7604 3.9%¢ 586°¢
loxB2xN1 733%9 2.72%% 578.55%9
loxB3xN1 793.5% 4.06® 588.812¢
loxBoxN2 673.67%« 3.497k 562.5697
loxB1xN2 763.17%¢ 3.92¢ 566.76"
loxB2xN2 762.17%¢ 3.92d 583.150
loxB3xN2 787.33% 4.03%¢ 593.76%°¢
loxBoxN3 693% 3.58¢1 573.3%9
loxB1xN3 764.33%¢ 3.92¢ 596.962
loxB2xN3 782.67%¢ 4ac 590.432¢
loxB3xN3 805.332 4.142 604.73%
11xBoxNo 536.5™ 2.82P¢ 470.732¢
11xB1xNo 558.83P 2.950% 491.4w*
11xB2xNo 558.5°¢ 2.98"M 501.34%
11xB3xNo 647.17+m 3.35Mm 507.8%W
11xBoxN1 564.83°t 2.98" 488.3%2
11xB1xN1 649.17Mm 3.37 526.68™
11xB2xN1 680.83¢k 3.487k 520.01P1
11xB3xN1 733.5%f 3.750F 554.85Mk
11xBoxN2 570.83"t 3.03™a 496.16YY
11xB1xN2 6805k 3.46%k 523.48°
11xB2xN2 633.831° 3.3 532.96"4
11XB3xN2 729.50 3.73%9 546.31m
11xBoxN3 581.33m% 3.07"° 515.084
11xB1xN3 678.33 3.46%k 563.1197
11xB2xN3 671" 3.674 535.76!°
11XB3xN3 753.33%¢ 3.85%¢ 575.98%9
12xBoxNo 491.17¢ 2.62° 422.05'
12xB1xNo 506.5% 2.697 450.71¢h
12xB2xNo 659.33M 3.38M 435.86M
12xB3xNo 562.17°¢ 2.96°7 454.78%9
12xBoxN1 512.67%¢ 3.420k 439.4191
12xB1xN1 570.5M 3.01n 480.1y°
12xB2xN1 547.33%¢ 2.87° 463.06"¢
12xB3xN1 6609 3.39M 493.33v*
12xBoxN2 617.67% 3.01™" 444.68™
12xB1xN2 566.17°t 2.99™" 466.28"¢
12xB2xN2 548.179¢ 2.99% 475.38%¢
12xB3xN2 657 3.37™ 511.38™Y
12xBoxN3 534.17™¢ 2.81ps 458.26%*
12xB1xN3 599.17" 3.09' 489.55%
12xB2xN3 612.33% 3.22k0 504.51%x
12xB3xNs 710.67 3.48%k 542.71kn
LSD 0.05 734 0.326 18.15

9 pol g 13,8 (oligogdpw 373)S s sB3sS 3,) pie i iay Ba 9 B2 B1 Bo . il g (vl s yo )3 g bl abed ( JolS g,ll s sy 12 5 11 o
2 alie By b (gl Silbo . pSelsglh (Bl Jglme 5 (2] 2815l 2L Jslowe (il Jglxe pas 5o Na g N2 N1 N0 ogls s T g lipogopus plgs )8
05 ot b oy gy Jless] grdaw ;3 LSD (yg0j] Lulul 1 (gl gixe (Lol B3] g s
lo, 11, and I2: full irrigation, irrigation withholding at heading and booting stages respectively. Bo, B1, B2, and Bs are no application of
biofertilizers, application of pseudomonas, azosprilium, application azosprilium + pseudomonas. No, N1, and N are no foliar

application, nano iron oxide foliar application, nano silicon, nano iron-silicon foliar application.
Means with similar letters in each column are not significantly different based on the LSD test at the 0.05 probability level.
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Table 8- Means comparison of the effects of PGPR and nanoparticles on Root dry weigh of triticale
Treatments W Lo, Nanoparticles <1,345U

PGPR i, oS oo sl g 55 (9.m?) auiy, S (439 Root dry weigh

No N1 N2 N3
Bo 319.19" 323.42h 353.68¢h 349.31%h
B1 329.229h 384.56¢f 382.49¢f 411.012¢
B2 383.24¢f 367.4249 399.890-d 406.95bd
Bs 395.680-¢ 435,252 422.55%¢ 451.642
LSD 43.32

pi5 s Na g N2 N1 No sl g oligosdp I 2308 5 ol g il 338 golipogapus 30,8« gimas sW355 3,8 pas o yiay B3 s B2 B1 Bo
0sSebsgl 5 (] 2SI B Jolomo o155 3,085 ¢35t (o3l Jotons 5 ol 1Sl 3L Jslomo (S Jslone
L) e b dod gy Jlein] adaw )3 LSD (y0jl ol p (6l sine (bl GBS 520 o 5 alie gy b (sl il
Bo, B1, B2, and Bs are no application of biofertilizers, application of pseudomonas, azosprilium, application azosprilium +
pseudomonas. No, N1, and N2 are no foliar application, nano iron oxide foliar application, nano silicon, nano iron-silicon foliar
application. Means with similar letters in each column are not significantly different based on the LSD test at the 0.05 probability
level.
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by o dlalyty oS a6l 3,Skac I3l 35 (ine
ol Frrogd 9 Sy o a3ld S 4 ]y )5Sl 9 00 90
Nazari et ) s aiy) po 9 59 Uil coge a5 Waly Cons
Slocs L 15 28 oy oo Jait 5 gy 0] 3 (al., 2022
(Y Jpa) S o o a3l (Rl L )39 5 43 S e
Sz g i g (A gV Jgin) ad) w9 S (g
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